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SYNOPSIS

	The thesis entitled “Studies involving Cyclodextrins in Organic Synthesis and Stereoselective Synthesis of D-1-Deoxyallonojirimycin and triacetyl-D-erythro-Sphingosine” has been divided into four chapters. Chapter-I deals with the brief introduction to organic synthesis involving cyclodextrins and introduction to polyhydroxy alkaloids and shingolipids. Chapter-II summarizes synthesis of oxindole derivatives under supramolecular catalysis using -cyclodextrin and is divided into three sections. Section-A describes the novel aqueous phase supramolecular synthesis of pyrrole substituted oxindoles from isatin, Section-B deals with multi-component synthesis of spirooxindoles catalysed by -cyclodextrin in water. Chapter-III has been divided into three sections. Section-A summarizes the aqueous phase synthesis of sulfonamides via β-cyclodextrin catalysed mono-sulfonylation of amines and amino acids, Section-B deals with Synthesis of -hydroxy selenides using benzeneselenol and oxiranes in the presence of -cyclodextrin in water and  Section-C deals  with the  Stereoselective synthesis of (E)-vinyl sulfides from alkynes under neutral conditions using -cyclodextrin. Chapter-IV has been devided into two sections. Section-A deals with the asymmetric synthesis of D-1-deoxyallonojirimycin and Section-B describes the asymmetric synthesis of triacetyl-D-erythro-sphingosine.




 





CHAPTER-I: INTRODUCTION TO CYCLODEXTRINS IN ORGANIC  SYNTHESIS, POLYHYDROXY ALKALOIDS AND SPHINGOLIPIDS

Introduction to cyclodextrins in organic synthesis
	Synthetic chemistry has developed to a point which demands greater selectivity. Synthetic methods are needed which can meet the same high standards of chemical yield, selectivity and purity of the desired product as we see in biochemical reactions. Molecular recognition via structural molecular complexations is central to biological phenomena. Enzyme catalysis and inhibition, immunological response, storage of genetic information, replication, biological regulatory functions, drug action and ion transport all involve structural recognition by complexation. Enzymatic processes frequently achieve levels of selectivity, which are not yet attainable by simple chemical means. Most enzyme-catalyzed reactions are stereoselective, selective in the choice of substrates, selective in the type of chemical reactions performed and selective in the region of the molecule attacked when there are several possibilities (regioselective). 
	Mimicking enzymes in their capability to bind substrates selectively and catalyze chemical reactions is one of the important emerging areas of bioorganic chemistry. Biochemical selectivity is the result of the geometry of enzyme-substrate complexes in which only certain substrates can fit in the enzyme and only certain sites of the substrate are then in a position to be attacked. Geometric control could be attained by using reagent substrate complexes in which a rigid reagent would direct attack into a particular region of the substrate and these are called biomimetic systems. Biomimetic modeling of chemical reactions involves reversible formation of host-guest complexes by non-covalent bonding with substrates as seen in enzymes. 
	Of particular interest are the water-soluble hosts with hydrophobic cavities, which mimic these biochemical interactions. Amongst them, cyclodextrins which are cyclic oligosaccharides have excited much interest as enzyme models. Cyclodextrins (CDs), possessing hydrophobic cavities, bind substrates selectively and catalyze chemical reactions with high selectivity. They catalyze reactions by supramolecular catalysis involving reversible formation of host-guest complexes. Complexation depends on the size, shape and hydrophobicity of the guest molecule. Thus mimicking of biochemical selectivity, which is due to orientation of the substrate by complex formation positioning only certain region for favorable attack, will be superior to chemical selectivity, which involves random attack due to intrinsic reactivity of the substrate at different regions. Cyclodextrins being chiral can also induce asymmetric reactions. 
	The work described hereunder is undertaken utilizing the concept of supramolecular catalysis involving cyclodextrins.

Introduction to polyhydroxy alkaloids and Sphingolipids
		Alkaloids are the nitrogen-containing substances which are important bioactive compounds discovered in nature. Especially, a large number of polyhydroxylated alkaloids have been extracted from natural sources, mainly from plants and microorganisms. They can be classified into five structural categories based on their ring system: polyhydroxylated piperidines, pyrrolidines, indolizidines, pyrrolizidines and nortropanes. Many of these polyhydroxylated alkaloids display interesting biological activity as inhibitors of glycosidases.
	Alkaloid sugar mimics with nitrogen in the ring (commonly known as iminosugars, azasugars or polyhydroxy piperidines) have become important tools in glycobiology due to their role as glycosidase inhibitors. They have received great deal of attention because of their therapeutic potential in the treatment of cancer, viral infections including HIV, diabetes and other metabolic disorders.  Amongst various polyhydroxy piperidines, deoxynojirimycin (DNJ) and its analogues have acquired significance due to their potential as drugs for treating a variety of carbohydrate mediated diseases.
	Sphingolipids, which are long chain aminoalcohols, are important sructural and functional components of essentially all eukaryotic cells and are abundantly present in plasma membranes as well as in few intracellular organelles like endoplasmic reticulum, Golgi complex and mitochondria. The structural unit common to almost all sphingolipids in eukaryotic cells is the amino alcohol D-erythro-sphingosine [(2 S, 3 R, 4 E)-2-amino-3-hydroxy octadec-4-en-1-ol)]. In addition to D-erythro-sphingosine, there are over 60 other sphingoid base structures found elsewhere in nature. The common sphingoid bases known are safingol,  dihydrosphingosine and D-ribo-phytosphingosine. Spingolipids display significant roles in many physiological processes, including cell recognition, immune response, adhesion, and apoptosis. Recent studies implicate sphingolipids in many of the most common human diseases, including diabetes, cancers, infection by microorganisms, Alzheimer’s disease and heart disease. The anticancer activity of sphingosine and other sphingolipids has been demonstrated both in cell culture and in vivo, particularly against colon cancer cell lines. Sphingosines inhibit protein kinase C (PKC) in vitro and in vivo and block cellular responses to agonists that are thought to act via this enzyme. 
	Asymmetric synthetic routes to D-1deoxyallonojirimycin and triacetyl D-erythro-sphingosine have been developed in the present investigation starting from a commercially available achiral precursor.
CHAPTER-II: SYNTHESIS OF OXINDOLE DERIVATIVES FROM ISATIN UNDER SUPRAMOLECULAR CATALYSIS USING                  -CYCLODEXTRIN IN WATER

Section-A: Novel aqueous phase synthesis of pyrrole substituted oxindoles from isatin
Isatins are familiar for their manifold biological activity and oxindole fragment is featured widely in a wide variety of biologically active compounds. Isatin and its derivatives possess a reactive keto-carbonyl group that readily undergoes condensation reactions under mild conditions. Different derivatives of isatin have been synthesized to study their bioactivity. Pyrrole substituted oxindoles are well known amongst these compounds. Pyrroles are important class of compounds displaying remarkable pharmacological activities such as antibacterial, antiviral, anti-inflammatory, antitumoral, and antioxidant activities. Furthermore, they are useful intermediates in the synthesis of natural products and heterocycles and are also widely used in materials science.
	Inspite of different biological activities associated with various oxindole derivatives, there are only few reports for the synthesis of pyrrole substituted oxindole derivatives by the condensation of 4-hydroxyproline with various isatins using different catalysts. However, all these methodologies so far described have limitations due to the use of transition metal triflates, microwave irradiation, acidic conditions and hazardous solvents. As a consequence, the development of environmentally benign practical synthetic routes under neutral conditions in water for accessing these pyrrole substituted indolinones still remains a major goal. 
	In the present investigation, the first aqueous phase synthesis of various pyrrole substituted indolinones is described by the reaction of various substituted isatins/ 11H-indeno[1,2-b]quinoxalin-11-ones with 4-hydroxy proline demonstrating the remarkable catalytic activity of -cyclodextrin. This is a generally applicable, mild and environmentally benign practical methodology for pyrrole substituted indolinones  from isatin and 4-hydroxy proline under neutral conditions with a recyclable catalyst especially in water for reasons of safety, economy and environmental concerns. 


In general, the reaction was carried out by the in situ formation of the -CD complex of the isatin in water followed by the addition of 4-hydroxy proline and stirring at 60 0C to give the corresponding 3-(1H-pyrrol-1-yl) indolin-2-one compounds in impressive yields. It was also found that 11H-indeno[1,2-b]quinoxalin-11-ones also underwent condensation with 4-hydroxyproline to give 11-(1H-pyrrol-1-yl)-11H-indeno[1,2- b]quinoxalines.  
These reactions proceed smoothly with high degree of conversion without the formation of any by products. A mechanism for supramolecular catalysis was also proposed. The catalytic activity of cyclodextrins for these reactions is established by the fact that no reaction was observed in the absence of cyclodextrin. The complexation with β-CD increases the reactivity of both the keto and amino groups of isatin and 4-hydroxy proline due to intermolecular hydrogen bonding with the CD-hydroxyl groups facilitating the established sequence of reactions such as condensation, decarboxylation, dehydration, and aromatization of the product. 
It has been demonstrated for the first time, an operationally simple and efficient neutral aqueous phase synthesis of functionalized pyrroles, 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxaline and 3-(1H-pyrrol-1-yl)indolin-2-one compounds, by the condensation of 4-hydroxy proline with 11Hindeno[1,2-b]quinoxalin-11-one or isatin derivatives under biomimetic conditions in the presence of β-cyclodextrin. This straightforward and environmentally benign methodology may find wide spread applications in organic and medicinal chemistry.  (Adv. Synth. Catal., 2008, 350, 1489)

Section-B: Multi-component synthesis of spirooxindoles catalysed by -cyclodextrin in water
The spirooxindole is an important structural organization present in a number of bioactive natural compounds such as coerulescine, elacomine, horsfiline, welwitindolinone A, spirotryprostatin A, alstonisine, surugatoxin, etc. They display potent cytotoxic activity and also act as h5-HT6 serotonin receptors, estrogen receptor modulators, antiproliferative agents and oxytocin antagonists. 
In view of their high significance, various methodologies have been developed for the construction of  spirooxindole framework. Amongst them multi-component synthesis of spirooxindoles by the reaction of isatin, malononitrile or methyl cyanoacetate, and 1,3-dicarbonyl compounds is an important one. However, the reported methodologies have limited scope due to the use of transition metal catalysts, microwave irradiation, surfactants, acidic basic conditions and hazardous solvents. In view of these shortcomings, we developed a mild and eco-friendly synthetic methodology has been developed for these high value compounds by the three-component reaction of isatin, malononitrile and dimedone under neutral conditions using -cyclodextrin.


Further applications of this methodology involve the reactions of               4-hydroxy coumarin and barbituric acid under the optimized conditions to produce spirooxindole derivatives efficiently in good yields.


	
	The complexation of isatin with β-CD increases the reactivity of the keto group due to intermolecular hydrogen bonding with the CD-hydroxyl groups facilitating the Knoevenagel condensation with malononitrile to form isatylidene malononitrile derivative followed by Michael addition of dimedone and the cycloaddition of hydroxyl group to the cyano moiety to form the spiro compound. Here, β-CD not only forms the inclusion complex with isatin but is also involved in the intermolecular hydrogen bonding with the guest to promote the condensation and cyclo addition of hydroxyl group to the cyano moiety. 
This methodology also overcomes the formation of unwanted                   by-products, low yields, high temperatures and inert atmosphere, thus making it a more user-friendly procedure. (In press, Can. J. Chem)

CHAPTER-III: BIOMIMETIC SYNTHESIS OF SULFONAMIDES,                      β-HYDROXY SELENIDES AND (E)-VINYL SULFIDES

Section-A: Aqueous phase synthesis of sulfonamides via β-cyclodextrin catalysed mono-sulfonylation of amines and amino acids
	Sulfonamides are diverse group of medicinally important compounds widely used as anticancer, antibacterial, anticonvulsants, HIV protease inhibitors, anti-inflammatory, antitumor and antiviral agents. The pharmaceutically important examples include the protease inhibitor amprenavir, the analgesic celecoxib, sildenafil for erectile dysfunction and the antimigraine agent sumatriptan. 
Although many efforts have been made towards the development of novel sulfonamides, the conventional synthesis involves the reaction of amino compounds with sulfonyl chlorides. However, these procedures involve the use of organic solvents, base and elevated temperatures especially for less reactive aniline substrates. For sterically hindered primary amines with electron withdrawing substituents, bis-sulfonylation is the common side reaction. Therefore, we developed a generally applicable, environmentally benign and mild methodology by utilising the remarkable catalytic activity of -cyclodextrin in the reaction of various amines and amino acids with p-toluenesulfonyl chloride and methanesulfonyl chloride, to give exclusively the mono-sulfonamides.



In general, the reactions were carried out by dissolving -cyclodextrin in water and then adding the amine followed by the addition of p-toluenesulfonyl chloride or methanesulfonyl chloride at room temperature to get the corresponding sulfonamides in high yields. The reactions were rapid with all the amines studied (25-60 min). This method was also compatible with various types of primary and secondary amines. No bis-sulfonylated product formation was observed even with sterically hindered and electron deficient anilines. High enantioselectivity was also observed in the case of chiral amino alcohols. β-CD can be recovered and reused. 
The successful mono-sulfonylation of amino compounds with TsCl and MsCl was also attempted with amino acids.  These reactions were attempted at pH 8 using a mild carbonate buffer (0.1 M) with -cyclodextrin as the catalyst. Surprisingly, the reactions with TsCl were complete in 45-55 min at room temperature in good yields. No racemization was observed during these reactions. 
A comparison of 1H NMR spectra of Aniline, β-CD and β-CD-aniline complex was undertaken. All aromatic and –NH2 protons of Aniline are shifted upfield due to the inclusion of aniline inside of β-CD cavity. There is also a clear upfield shift of H-3 and H-5 of cyclodextrin in the β-CD-aniline complex in comparison to β-CD indicating the formation of an inclusion complex of Aniline with  β-CD. Here, β-CD not only forms the inclusion complex with the amine but is also involved in the intermolecular hydrogen bonding with the guest to promote the reaction. 
	In conclusion, this is an elegant and simple methodology for the mono-sulfonylation of various amines and amino acids in the presence of β-cyclodextrin in water. (Adv. Synth. Catal., 2007, 349, 1873)

Section-B: Synthesis of -hydroxy selenides using benzeneselenol and oxiranes in the presence of -cyclodextrin in water
	-Hydroxy selenides are highly valuable intermediates in organic synthesis due to their potential for transformation into allylic alcohols, olefins, epoxides, halohydrins, oxygenated five- and six-membered hetreocycles, etc. Consequently, a number of methodologies were developed for the synthesis of -hydroxy selenides. Most of the syntheses of -hydroxy selenides involve ring-opening of epoxides with diselenide by the  in situ  formation of selenolate anions in the presence of metal catalysts with poor yields and low regioselectivities in certain cases. 
	In view of these limitations, there is still a need for the development of the synthesis of clean synthetic procedures for -hydroxy selenides via ring opening of oxiranes directly with benzeneselenol in water in the presence of a recyclable catalyst and without using any harmful organic solvents. Water is safe, economical and environmentally benign. To achieve these ideal conditions, the best choice appeared to be through supramolecular catalysis involving cyclodextrins with water as solvent.



	This is the first practical regioselective ring opening of oxiranes with benzeneselenol in water. High selectivity was also observed with styrene epoxide where the benzeneselenol attacks the terminal carbon. The role of CD appears to be not only to activate the oxiranes but also to promote highly regioselective ring opening via inclusion complex formation with cyclodextrin. The complex of epoxide and cyclodextrin, though generated in situ, have been isolated and characterized by 1H NMR. There is an upfield shift of the H-3 and H-5 protons of cyclodextrin in the CD-epoxide complex as compared to CD indicating the formation of an inclusion complex of the epoxide with -CD. In this type of complex, the -position of the epoxide is more hindered and -attack predominates to give a single regioisomer.
	In conclusion, it has been shown that -hydroxy selenides of high synthetic potential can be made in a biomimetic fashion with high regioselectivity from the easily accessible oxiranes and benzeneselenol in the presence of -cyclodextrin in water. This methodology which is simple and convenient, should be useful addition to modern synthetic methodology with the ever-growing demand for eco-conscious chemical processes and increasing interest in green chemistry. (Tetrahedron Lett., 2005, 46, 8837)




Section-C: Stereoselective synthesis of (E)-vinyl sulfides from alkynes under neutral conditions using -cyclodextrin
	Hydrothiolation of alkynes is an important reaction, which produces vinyl sulfides of significant synthetic utility. They have acquired special importance as intermediates in various synthetic transformations of natural products and biologically active compounds containing vinyl sulfide group. They have also been utilized as equivalents of enolate ions and Michael acceptors.
                    In view of unique applications of vinyl sulfides in organic synthesis, their stereo-and regioselective synthesis has merited exploitation. Typical synthetic routes involve 	i) addition of thiols to alkynes under radical conditions to afford anti- Markonikov type vinylic sulfides as E and Z stereo isomeric mixture ii) transition metal catalysis proceeding in syn fashion affording anti-Markonikov E-vinyl sulfides but with low regioselectivity in some cases and iii) base catalyzed addition of thiols to acetylene compounds mostly in trans fashion affording Z-vinylic sulfides. The Wittig reaction has also been utilized in the synthesis of vinyl sulfides but this requires the use of strong bases and the synthesis of the appropriate Wittig reagent may be problematic. However, these methodologies often have limited scope due to lack of regio- and stereo selectivity. Thus, there is need to develop hydrothiolation reactions in water with a recyclable catalyst. Water as solvent has acquired significance since it is safe, economical and environmentally benign. Novel and environmentally benign synthesis of (E)-vinyl sulfides in water is reported, herein, with a recyclable catalyst via hydrothiolation of alkynes with thiophenols under neutral conditions catalyzed by cyclodextrin in water. 






	This represents the first practically feasible anti-Markonikov addition reaction of thiols with a variety of alkynes in water with high regio- and stereoselectivity. The reaction proceeds efficiently at room temperature without the need for any additional catalyst and goes to completion in a short time (4.0-4.5 h). These reactions are highly selective forming (E)-vinyl sulfides as the only products in excellent yields. 
	The fact that these reactions do not take place in the absence of cyclodextrin in water indicates the essential role of cyclodextrin. Here the cyclodextrin appears to form an inclusion complex of the alkyne from the secondary face with the attack of thiophenol from the primary face. The hydrogen bonding of thiols with the cyclodextrin hydroxyls makes the S-H bond weaker enhancing the nucleophilicity of sulfur and making it a better nucleophile towards addition to triple bond of the alkyne at the terminal end in a cis fashion. This stereospecific cis nucleophilic addition across the triple bond leads to the formation of trans alkenes. 
	Evidence for this mechanism was deduced from 1H NMR spectroscopy, using phenylacetylene and thiophenol as representative examples. The 1H NMR spectra (D2O) of -CD, -CD- phenylacetylene complex and freeze-dried reaction mixture of the -CD-phenylacetylene complex with thiophenol at 2h were studied. A clear upfield shift of the H3 and H5 protons of the -cyclodextrin in the -CD- phenylacetylene complex as compared to -CD were observed, indicating the formation of an inclusion complex of phenylacetylene with -CD from the secondary face. The spectrum of the reaction mixture of the -CD-phenylacetylene complex and thiophenol after 2h also shows an upfield shift of the H6 proton indicating the complexation of thiophenol from the primary face of the cyclodextrin. Thus, 1H NMR studies indicate that supramolecular catalysis of the highly regio- and stereoselective addition of thiophenol to alkynes to form  (E)-vinyl sulfides takes place in the -Cyclodextrin cavity with thiophenol at the primary face approaching the acetylene placed at the secondary face. 
In summary, it is demonstrated that (E)-vinyl sulfides can be synthesized with high regio- and stereo selectivity from alkynes under cyclodextrin catalysis. These cyclodextrin mediated water solvent reactions are very useful both from economical and environmental points of view. This reaction is simple with a recyclable catalyst and runs under relatively mild conditions, with shorter reaction times and high selectivities. (Synlett, 2006, 3495)

CHAPTER-IV: STEREOSELECTIVE SYNTHESIS OF D-1-DEOXY ALLONOJIRIMYCIN AND TRIACETYL-D-ERYTHRO SPHINGOSINE

Section-A: Asymmetric synthesis of D-1-deoxyallonojirimycin 
		Alkaloid sugar mimics with nitrogen in the ring (commonly known as iminosugars, azasugars or polyhydroxy piperidines) have become important tools in glycobiology due to their role as glycosidase inhibitors. Glycosidase inhibitors have received great deal of attention because of their therapeutic potential in the treatment of cancer, viral infections including HIV, diabetes and other metabolic disorders.  Amongst various polyhydroxy piperidines, deoxynojirimycin (DNJ 1 ) and its analogues (Fig. 1) have acquired significance due to their potential as drugs for treating a variety of carbohydrate mediated diseases.


	
	Owing to the broad spectrum of biological activities exhibited by these azasugars, many efforts have been devoted to develop variety of synthetic methods. Traditionally enantiopure azasugars were synthesized from the readily available chiral starting materials like carbohydrates or aminoacid derivatives. However, of recent, increasing interest is focused on the enantioselective synthesis of these deoxynojirimycins from non-carbohydrate sources. Amongst these azasugars, D-1-deoxyallonojirimycin 4 has become significant due to its biological activity as  β-galactosidase inhibitor. As a result, synthetic efforts have been directed in the present investigation towards the stereoselective synthesis D-1-deoxyallonojirimycin 4. 
	Thus, the forward synthesis was initiated with the commercially available propargyl alcohol 1 as the starting material (Scheme 1). It was protected as its PMB ether 2 using PMB-Br and NaH in THF. Homologation  of  2 was achieved using n-BuLi and formaldehyde resulting in 3 which was followed by stereoselective reduction of triple bond with LiAlH4 in THF to give the desired trans-allylic alcohol 4. The E-allyl alcohol 4 was subjected to Sharpless asymmetric epoxidation by using L(+)-Diethyl tartarate, Ti(OiPr)4 and TBHP to afford epoxyalcohol 5 in 80% yield. 



	
	The highly efficient C2 selective azide substitution reaction of  5 was accomplished by using NaN3-(CH3O)3B system developed by Miyashita et al. This reaction proceeds via an intramolecular boron chelate through a novel endo-mode epoxide opening with extremely high C2 selectivity (Scheme 2). Under these conditions, the desired azidodiol was produced in good yield and high diastereoselectivity (C2/C3 opening, 14:1). The minor 1,2-diol that resulted from C3-opening was removed by treating the mixture with sodium periodate to give pure 2-azide-1,3-diol 6 in 85% yield.



	

	The resulting 1,3-diol 6 was protected as benzylidene acetal using benzaldehyde dimethyl acetal in the presence of catalytic amount of PPTS in benzene to give the desired acetal 7 in good yield. Reduction of azide with Lindlar catalyst in methanol worked efficiently to give the amine which was taken for the next step without purification. It was protected with (Boc)2O in the presence of β-cyclodextrin in water to give 8 in good yield. Allylation of 8 with allylbromide using NaH and catalytic amount of Crown ether resulted in 9. Deprotection of PMB group using DDQ in DCM/ pH 7 buffer gave the alcohol 10, which upon oxidation under Swern conditions yielded the aldehyde. The resulting crude aldehyde was subjected to olefination under modified Horner-Wadsworth-Emmons olefination using triethylphosphono acetate and DBU in the presence of Lithium bromide to produce the desired α,β-unsaturated ester 11. 


	The key piperidine intermediate 12 was accomplished by the ring-closing metathesis using Grubb’s first generation catalyst (10 mol%) at 90 0C in good yield. The subsequent diol 13 was obtained as a single diastereomer in high yield by the stereoselective dihydroxylation of the double bond of piperidine 12 using cat. OsO4 and 4-methyl morpholine N-oxide at 0 0C. Finally, deprotection of 13 with 6N HCl in MeOH, followed by treatment with ion-exchange resin DOWEX 50Wx8 yielded 4 in  89% yield. The spectroscopic and analytical data of D-1-deoxyallonojirimycin  4 were in good agreement with the literature values.


		
	In summary, a highly efficient asymmetric stereoselective synthesis of D-1-deoxyallonojirimycin was accomplished. The four contiguous stereogenic centers in the piperidine ring of this azasugar were installed by involving Sharpless asymmetric epoxidation, endo-mode C2 selective azide substitution of 2,3-epoxyalcohol, Horner-Wadsworth-Emmons olefination, ring-closing metathesis followed by diastereoselective dihydroxylation as the key steps. 

Section-B: Asymmetric synthesis of triacetyl-D-erythro-sphingosine 
	Sphingolipids are long chain amino alcohols which are found in the  plasma membranes of eukaryotic cells. They play important role in many physiological processes such as immune response, cell recognition, adhesion, and apoptosis. In view of the physiological importance of sphingolipids, they have received great deal of attention over the past decade, and many efforts have been made to elucidate their biological functions. The most remarkable finding is the identification of sphingolipid metabolites as second messengers which led to concept of sphingolipid metabolites as therapeutics. Sphingolipids are implicated in a variety of diseases such as diabetes, cancer, infection by microorganisms, Alzheimer’s disease, and an array of neurological syndromes. The anticancer activity of sphingosine and other sphingolipids has been demonstrated both in cell culture and in vivo, particularly against colon cancer cell lines.
 

	Although a number of structurally related sphingoid base structures are known, the most abundant sphingoid base in nature is D-erythro-(2S,3R)-sphingosine 14 (Figure 2), which is known to be a promising protein kinase C inhibitor. Since D-erythro-sphingosine and its derivatives are available only in limited amounts from natural sources there is a growing interest in developing efficient methods for their synthesis. Many of these syntheses start from various chiral pools such as amino acids and carbohydrates. Thus, recent interest has increasingly focused on the enantioselective synthesis of D-erythro-sphingosine and its derivative from achiral sources.
	After successful synthesis of D-1-deoxyallonojirimycin 4, we exploited the synthesis of triacetyl-D-erythro-sphingosine 20 from the same starting material 1. The (+)-enantiomer of 5 was prepared by using Sharpless asymmetric epoxidation of 4 by using D(-)-Diethyl tartarate, Ti(OiPr)4 and TBHP. The same sequence of reactions of (scheme 5) were carriedout for the synthesis of (+)-enantiomer of 8 from 5. 
	
	
	Deprotection of PMB group of (+)8 using DDQ in DCM/ pH 7 buffer gave the alcohol 17 (92%), which upon oxidation under Swern conditions yielded the aldehyde. The resulting crude aldehyde was subjected to wittig methylenation reaction using Ph3PCH3Br and tBuOK in THF at 0 oC  to produce the desired olefin 18 in 85% yield. 
	




	
	With the key intermediate 18 in hand, we proceeded with the olefin cross metathesis using 1-pentadecene in the presence of 10 mol% of Grubbs II generation  catalyst provided the cross-coupled product 19 with complete E-stereo selectvity in 94% yield. Finally, deprotection of 19 with 6N HCl in MeOH, followed by reaction with Ac2O in pyridine gave the desired product 20 in 92% yield. The spectroscopic and analytical data of triacetyl-D-erythro-sphingosine 20 were in good agreement with the literature values.
















	In summary, a simple and highly efficient asymmetric  synthesis of triacetyl-D-erythro-sphingosine is reported. The stereogenic centers in the polar head group were installed by involving Sharpless asymmetric epoxidation, endo-mode C2 selective azide substitution of 2,3-epoxyalcohol followed by cross-metathesis reaction to establish the E-double bond of the sphingosine backbone.  (Section A and Section B communicated together, In press, Tetrahedron)
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